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Outline	
  
•  MoJvaJon.	
  	
  
•  PHENIX	
  and	
  the	
  Forward	
  Silicon	
  Vertex	
  
Detector	
  (FVTX).	
  

•  PHENIX	
  Forward	
  B	
  to	
  J/ψ	
  measurements	
  
–  in	
  510	
  (arXiv:1701.01342)	
  and	
  200	
  GeV	
  p+p	
  
collisions	
  to	
  study	
  the	
  energy	
  dependent	
  B	
  
hadron	
  producJon.	
  

–  in	
  200	
  GeV	
  Cu+Au	
  collisions	
  to	
  explore	
  heavy	
  
flavor	
  producJon	
  interacJon	
  with	
  the	
  medium	
  
(Cold	
  Nuclear	
  Ma\er/	
  Hot	
  Nuclear	
  Ma\er)	
  .	
  

•  Summary	
  and	
  Outlook	
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MoJvaJon	
  
•  Heavy	
  flavor	
  producJon	
  is	
  a	
  good	
  probe	
  to	
  study	
  the	
  
full	
  evoluJon	
  of	
  the	
  medium	
  as	
  it	
  is	
  produced	
  in	
  the	
  
early	
  stage	
  of	
  nuclear	
  collisions	
  due	
  to	
  its	
  high	
  mass	
  
(mc,b>>ΛQCD).	
  

•  The	
  heavy	
  quark	
  can	
  traverse	
  the	
  whole	
  evoluJon	
  of	
  
the	
  system	
  as	
  interacJons	
  with	
  the	
  medium	
  do	
  not	
  
change	
  the	
  flavor.	
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Uniqueness at RHIC 

Pair Creation (Gluon Fusion) 

Flavor Excitation Gluon Splitting 

Xuan	
  Li	
  (LANL)	
  

•  Uniqueness	
  at	
  RHIC	
  
–  dominated	
  by	
  pair	
  creaJon	
  (gluon	
  fusion),	
  clean	
  
interpretaJon	
  for	
  experimental	
  results.	
  

	
  	
  

WWND2017	
   4	
  

PYTHIA6  

  RHIC 

LHC 

T. Sjostrand, EPJC17 (2000) 137  



Uniqueness at RHIC 

Pair Creation (Gluon Fusion) 

Flavor Excitation Gluon Splitting 

Xuan	
  Li	
  (LANL)	
  

•  Uniqueness	
  at	
  RHIC	
  
–  dominated	
  by	
  pair	
  creaJon	
  (gluon	
  fusion),	
  clean	
  
interpretaJon	
  for	
  experimental	
  results.	
  

–  accesses	
  complementary	
  kinemaJcs	
  region	
  compared	
  to	
  
LHC	
  measurements.	
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  Gluon	
  PDF	
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Surprise	
  in	
  Au+Au	
  heavy	
  flavor	
  measurements	
  (QGP	
  
formed)	
  

•  Suppression	
  of	
  the	
  inclusive	
  
Heavy	
  flavor	
  RAA	
  and	
  non-­‐
zero	
  v2	
  provide	
  evidence	
  of	
  
strong	
  coupling	
  between	
  the	
  
heavy	
  flavor	
  and	
  medium.	
  

•  Similar	
  suppression	
  of	
  RAA	
  	
  
between	
  the	
  inclusive	
  heavy	
  
flavor	
  decayed	
  electrons	
  and	
  
light	
  hadrons	
  in	
  high	
  pT	
  
region.	
  

•  Different	
  suppression	
  of	
  RAA	
  
in	
  the	
  low	
  pT	
  region.	
  

•  Mass/Flavor	
  dependent	
  Eloss?	
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PRL	
  98,	
  172301	
  (2007)	
  

Xuan	
  Li	
  (LANL)	
  



IndicaJon	
  of	
  flavor	
  dependent	
  energy	
  loss	
  	
  

WWND2017	
   Xuan	
  Li	
  (LANL)	
   7	
  

•  Is	
  bo\om	
  producJon	
  less	
  suppressed	
  than	
  the	
  charm	
  
producJon	
  at	
  forward	
  rapidity	
  in	
  the	
  low	
  pT	
  region?	
  	
  

•  Measure	
  B	
  hadron	
  directly	
  at	
  RHIC?	
  
•  Need	
  to	
  first	
  understand	
  the	
  B	
  hadron	
  producJon	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  in	
  p+p	
  collisions.	
  

PRC	
  93,	
  034904	
  (2016)	
   •  From	
  the	
  PHENIX	
  charm	
  and	
  
bo\om	
  separated	
  single	
  
electron	
  RAA	
  results,	
  
–  Bo\om	
  has	
  similar	
  
suppression	
  as	
  charm	
  for	
  high	
  
pT	
  region.	
  

–  Bo\om	
  may	
  be	
  less	
  
suppressed	
  in	
  the	
  low	
  pT	
  
region.	
  

•  Consistent	
  with	
  Energy	
  Loss	
  
mechanism:	
  

	
  	
  	
  	
  	
  	
  	
  ΔEg	
  >	
  ΔEu,d,s	
  >	
  ΔEc	
  >	
  ΔEb	
  



PHENIX	
  detector	
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•  Central	
  Arm	
  (Electrons)	
  
•  |η|	
  <	
  0.35	
  
•  Δϕ	
  =	
  π	
  
•  Tracking:	
  DC,	
  PC,	
  VTX	
  
•  eID:	
  RICH,	
  EMcal	
  

•  Forward	
  Arms	
  (Muons)	
  
•  1.2	
  <	
  |η|	
  <	
  2.2	
  
•  Δϕ	
  =	
  2π	
  
•  ~10	
  interacJon	
  length	
  
absorber	
  

•  Tracking:	
  wire	
  
chamber,	
  FVTX	
  

•  MuID:	
  muon	
  
idenJficaJon	
  detector	
  

Xuan	
  Li	
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Silicon	
  Vertex	
  Detectors	
  of	
  PHENIX	
  
•  The	
  silicon	
  vertex	
  detectors:	
  VTX(installed	
  since	
  2011)	
  and	
  

FVTX(installed	
  since	
  2012)	
  make	
  the	
  new	
  heavy	
  flavor	
  measurement	
  
possible	
  in	
  p+p,	
  p+Al,	
  p+Au,	
  Cu+Au	
  and	
  Au+Au	
  collisions.	
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MuTr:1.2<|y|<2.2,	
  φ=2π	
  	
  

MuID:1.2<|y|<2.2,	
  φ=2π	
  	
  

p,	
  Cu	
  

p,	
  Au,	
  Al	
  

•  VTX:	
  	
  
–  With	
  |y|<1.2	
  and	
  φ≈2π	
  coverage.	
  
–  provide	
  precise	
  vertex	
  and	
  tracking	
  

measurements	
  for	
  D,BàX+e.	
  

•  FVTX:	
  	
  
–  With	
  1.2<|y|<2.2	
  and	
  φ=2π	
  coverage.	
  
–  provide	
  precise	
  tracking	
  and	
  DCA	
  

measurements	
  for	
  BàJ/ψ	
  and	
  D,	
  B	
  
separaJon.	
  



Can	
  we	
  measure	
  B	
  meson	
  in	
  forward	
  rapidity?	
  
	
  B-­‐>J/ψ-­‐>μ+μ-­‐	
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J/ψ	
  	
  

Prompt	
  
hadron	
  

μ+	
  

μ-­‐	
  

J/ψ	
  	
  

B

μ+	
  

μ-­‐	
  

DCAR	
  

	
  
	
  
	
  

	
  
	
  
	
  

•  Different	
  shapes	
  of	
  
DCAR	
  of	
  prompt	
  
parJcles	
  and	
  decayed	
  
parJcles	
  make	
  the	
  
separaJon	
  of	
  B	
  decayed	
  
J/ψ	
  and	
  prompt	
  J/ψ	
  
feasible.	
  

•  B	
  hadron	
  decay	
  length	
  (cτ),	
  about	
  the	
  size	
  of	
  hair	
  diameter:	
  
–  cτ(B0)=455μm,	
  cτ(B±)=491μm.	
  

•  B	
  hadron	
  is	
  further	
  boosted	
  at	
  forward	
  rapidity.	
  
•  FVTX	
  can	
  precisely	
  determine	
  the	
  Distance	
  of	
  Closest	
  Approach	
  

along	
  the	
  radial	
  projecJon	
  (DCAR)	
  of	
  tracks.	
  

K	
  

Xuan	
  Li	
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x
y

FVTX µ

z

B-mesonvertex

L⃗DCA R⃗
R̂ =

R⃗
|R⃗|

DCAR ≡ L⃗DCA · R̂ = L⃗DCA · R⃗
|R⃗|



How	
  to	
  determine	
  the	
  J/ψ	
  from	
  B-­‐meson	
  decay?	
  
•  In	
  p+p	
  and	
  heavy	
  ion	
  (eg.	
  Cu+Au)	
  data:	
  

–  IdenJfy	
  the	
  J/ψ	
  candidates	
  from	
  di-­‐muon	
  mass	
  spectrum	
  
a|er	
  applying	
  quality	
  cuts.	
  

–  Use	
  the	
  FVTX	
  to	
  determine	
  the	
  DCAR	
  of	
  muons	
  from	
  di-­‐
muon	
  pairs	
  in	
  data.	
  	
  

–  Use	
  simulaJon	
  (embedding)	
  with	
  realisJc	
  detector	
  
condiJon	
  and	
  collision	
  environment	
  to	
  determine	
  the	
  
muon	
  DCAR	
  shape	
  from	
  prompt	
  J/ψ	
  and	
  J/ψ	
  from	
  B-­‐meson	
  
decay	
  in	
  p+p	
  (Cu+Au)	
  collisions.	
  

–  Determine	
  various	
  background	
  components.	
  
–  Simultaneously	
  extract	
  the	
  prompt	
  J/ψ	
  and	
  B-­‐meson	
  decay	
  
J/ψ	
  through	
  fi}ng	
  on	
  data.	
  

–  Apply	
  the	
  acceptance*efficiency	
  correcJons.	
  
–  Calculate	
  the	
  systemaJc	
  errors.	
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Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  raJo	
  
measurement	
  (I)	
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•  Clear	
  J/ψ	
  peaks	
  are	
  found	
  in	
  both	
  p+p	
  and	
  Cu+Au	
  data.	
  

p	
   p	
   Cu	
   Au	
  

Xuan	
  Li	
  (LANL)	
  

2012	
  200	
  GeV	
  Cu+Au	
  data	
  2012	
  510	
  GeV	
  p+p	
  data	
  

-­‐2.2<y<-­‐1.2	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  raJo	
  
measurement	
  (II)	
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•  A|er	
  select	
  good	
  J/ψs,	
  require	
  the	
  muon	
  track	
  of	
  di-­‐
muon	
  pairs	
  matching	
  to	
  the	
  FVTX	
  and	
  measure	
  the	
  DCAR.	
  

•  Muon	
  DCAR	
  measurement	
  in	
  data	
  with	
  -­‐2.2<y<-­‐1.2:	
  
p	
   p	
   Cu	
   Au	
  

2012	
  200	
  GeV	
  Cu+Au	
  

Muon	
  Muon DCA(r) (cm)
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

1

10

210

2012	
  510	
  GeV	
  p+p	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  raJo	
  
measurement	
  (III)	
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•  Signal	
  determinaJon	
  
–  Generate	
  prompt	
  J/ψ	
  

and	
  B	
  to	
  J/ψ	
  events	
  in	
  
full	
  simulaJon	
  (PYTHIA
+GEANT+RECO)	
  for	
  p+p	
  
with	
  realisJc	
  vertex	
  and	
  
dead	
  maps	
  etc.	
  

•  Obvious	
  DCAR	
  shape	
  
difference	
  between	
  
prompt	
  J/ψ	
  and	
  B	
  to	
  
J/ψ.	
  

•  Clear	
  J/ψ	
  peaks	
  are	
  
found	
  in	
  both	
  p+p	
  
and	
  Cu+Au	
  data.	
  

•  Muon	
  DCAR	
  
determined	
  in	
  data.	
  

510	
  GeV	
  p+p	
  simulaJon	
  

Prompt	
  J/ψ	
  -­‐>	
  μ+μ-­‐	
  
B	
  -­‐>	
  J/ψ	
  -­‐>	
  μ+μ-­‐	
  

Muon DCA(r) (cm)
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

1

10

210

2012	
  510	
  GeV	
  p+p	
  data	
  

Muon	
  DCAR	
  (cm)	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  raJo	
  
measurement	
  (III)	
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•  Signal	
  determinaJon	
  
–  Generate	
  prompt	
  J/ψ	
  

and	
  B	
  to	
  J/ψ	
  events	
  in	
  
embedding	
  for	
  Cu+Au	
  
with	
  realisJc	
  vertex	
  and	
  
dead	
  maps	
  etc.	
  

•  Obvious	
  DCAR	
  shape	
  
difference	
  between	
  
prompt	
  J/ψ	
  and	
  B	
  to	
  
J/ψ.	
  

2012	
  200	
  GeV	
  Cu+Au	
  data	
  
•  Clear	
  J/ψ	
  peaks	
  are	
  

found	
  in	
  both	
  p+p	
  
and	
  Cu+Au	
  data.	
  

•  Muon	
  DCAR	
  
determined	
  in	
  data.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

200	
  GeV	
  Cu+Au	
  embedding	
  

Muon	
  DCAR	
  (cm)	
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•  Background	
  determinaJon	
  
–  Dimuon	
  combinatorial	
  background	
  using	
  mixed	
  events.	
  
–  FVTX-­‐Mutr	
  track	
  mis-­‐matching	
  using	
  topological	
  detector	
  event	
  mixing	
  

technique.	
  
–  Heavy	
  flavor	
  conJnuum	
  (dominated	
  by	
  ccbar),	
  generated	
  in	
  simulaJon	
  

with	
  fracJon	
  determined	
  in	
  data.	
  

Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  raJo	
  
measurement	
  (IV)	
  

 (cm)RMuon DCA
0.4− 0.3− 0.2− 0.1− 0 0.1 0.2 0.3 0.4

Ra
w 

Yi
eld

s

1

10

210

Raw data

Combinatorial BKG

 BKGb+bcc

Mis-matching BKG

1.2<y<2.2

2012	
  510	
  GeV	
  p+p	
  collisions	
  

	
  	
  	
  	
  

2012	
  200	
  GeV	
  Cu+Au	
  collisions	
  

HF	
  BKG	
  	
  
not	
  shown	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  raJo	
  
measurement	
  (V)	
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(cm)RMuon DCA
0.25− 0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2 0.25

Ra
w 

Yi
el

ds

1

10

210

PHENIX 510 GeV p+p data

Total fit

ψB-menson decayed J/

ψPrompt J/

Combnatorial BKG

Mis-matching BKG

 BKGb+bcc

1.2<y<2.2

  

 (cm)RMuon DCA
0.25− 0.2− 0.15− 0.1− 0.05− 0 0.05 0.1 0.15 0.2 0.25

σ
(D

at
a-

Fi
t)/

2−
1.5−

1−
0.5−

0
0.5

1
1.5

2   

•  Fit	
  on	
  DCAR	
  in	
  data	
  to	
  
simultaneously	
  
determine	
  the	
  prompt	
  
J/ψ	
  and	
  J/ψ	
  from	
  B-­‐
meson	
  decay	
  yields	
  and	
  
extract	
  the	
  B	
  to	
  J/ψ	
  
fracJon.	
  

•  Apply	
  the	
  relaJve	
  
acceptance*efficiency	
  
correcJon	
  to	
  B	
  to	
  J/ψ	
  
fracJon	
  result.	
  

PHENIX	
  arXiv:1701.01342	
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•  The	
  forward	
  B-­‐>J/ψ	
  fracJon	
  measured	
  at	
  PHENIX	
  in	
  510	
  GeV	
  p+p	
  
collisions	
  is	
  in	
  reasonable	
  agreements	
  with	
  the	
  FONLL+CEM	
  model	
  
calculaJon.	
  	
  

•  The	
  PHENIX	
  result	
  in	
  510	
  GeV	
  p+p	
  collisions	
  is	
  comparable	
  with	
  
higher	
  energy	
  measurements.	
  

 (GeV/c)
T

 pψJ/
0 2 4 6 8 10

)
ψ

 J
/

→
B 

 fr
ac

tio
n 

(F
ψ

B 
to

 J
/

0

0.05

0.1
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0.2
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0.3

0.35

  In p+p collisions within 1.2<|y|<2.2
 < 5 GeV/c)

T
PHENIX 510 GeV data (p

 dependent
T

FONLL+CEM 500 GeV p
 integrated

T
FONLL+CEM 500 GeV p

 < 5 GeV/c)
T

  (p

 (GeV/c)
T

 pψJ/
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

)
ψ

 J
/

→
B 
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(F
ψ

B 
to

 J
/

0

0.05
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0.15

0.2

0.25
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0.35

0.4

(b)

=510 GeV 1.2<|y|<2.2sPHENIX p+p  
=1.96 TeV |y|<0.6s pCDF p+

=7 TeV  |y|<0.9sALICE p+p 
=7 TeV 1.6<|y|<2.4sCMS p+p 
=8 TeV 2.0<y<2.5sLHCb p+p
=8 TeV 3.0<y<3.5sLHCb p+p
=13 TeV 2.0<y<2.5sLHCb p+p
=13 TeV 3.0<y<3.5sLHCb p+p

(b)
B-­‐>J/ψ	
  fracJon	
  in	
  510	
  GeV	
  p+p	
  data	
  

FONLL+CEM:	
  Phys.	
  Rev.	
  C	
  87,	
  014908	
  (2012)	
  
Private	
  communicaJon	
  with	
  Ramona	
  	
  	
  	
   PHENIX	
  arXiv:1701.01342	
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•  The	
  	
  	
  	
  	
  	
  	
  cross	
  secJon	
  is	
  determined	
  by	
  the	
  measured	
  B-­‐>J/ψ	
  
fracJon	
  (pT	
  >	
  0	
  GeV/c)	
  at	
  PHENIX	
  and	
  extrapolated	
  inclusive	
  
J/ψ	
  cross	
  secJon	
  in	
  510	
  GeV	
  p+p	
  collisions.	
  

•  	
  Good	
  agreements	
  with	
  the	
  FONLL	
  model	
  calculaJons,	
  and	
  
comparable	
  with	
  UA1	
  results.	
  	
  

bb
B hadron y

-4 -3 -2 -1 0 1 2 3 4

b)µ) (b b
→

/dy
(pp

 
σd

0

2

4

6

8

10
) collisionspIn p+p (p+

FONLL calculations 500 GeV p+p
PHENIX extracted value 510 GeV p+p

pUA1 extracted value 630 GeV p+

FONLL:	
  
M.	
  Bedjidian	
  et	
  al.	
  (2004),	
  	
  
hep-­‐ph/0311048	
  
	
  

	
  	
  	
  	
  	
  	
  	
  cross	
  secJon	
  in	
  510	
  GeV	
  p+p	
  data	
  bb

PHENIX	
  arXiv:1701.01342	
  	
  



B-­‐>J/ψ	
  fracJon	
  in	
  200	
  GeV	
  p+p	
  data	
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•  Using	
  the	
  same	
  method,	
  PHENIX	
  just	
  achieves	
  the	
  
preliminary	
  result	
  of	
  the	
  B-­‐>J/ψ	
  fracJon	
  in	
  200	
  GeV	
  p+p	
  
collisions	
  within	
  the	
  kinemaJc	
  regions	
  of	
  J/ψ	
  pT	
  <	
  5GeV/c	
  and	
  
1.2<|y|<2.2	
  rapidity.	
  

•  Both	
  STAR	
  and	
  PHENIX	
  measured	
  B-­‐>J/ψ	
  fracJons	
  are	
  in	
  
reasonable	
  agreements	
  with	
  the	
  FONLL+CEM	
  calculaJon.	
  	
  

y
-3 -2 -1 0 1 2 3

ψ
J/

→
BF

0

0.01

0.02

0.03

0.04

0.05

0.06

=200 GeVsp+p @ 

T
1.2<|y|<2.2, Integrated p

PH ENIX
preliminary

 (GeV/c)Tp
1 2 3 4 5 6 7 8 9 10 11 12

)
ψ

) /
 (i

nc
lu

si
ve

 J
/

ψ
 J

/
→

B
 

(

0

0.1

0.2

0.3

STAR 2009
STAR PRC80
FONLL+CEM

200 GeV p+p

	
  
Phys.	
  Le\.	
  B722,	
  55	
  (2013)	
  	
  
	
  

PHENIX	
  



Center	
  of	
  mass	
  energy	
  dependent	
  B-­‐>J/ψ	
  fracJon	
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•  A	
  smooth	
  energy	
  dependence	
  is	
  found	
  from	
  0.2	
  to	
  13	
  
TeV	
  p+p	
  (p+pbar)	
  collisions	
  for	
  B-­‐>J/ψ	
  fracJon	
  
measured	
  with	
  J/ψ	
  pT	
  <	
  5	
  GeV/c.	
  



Center	
  of	
  mass	
  energy	
  dependent	
  B-­‐>J/ψ	
  fracJon	
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We	
  fill	
  	
  
This	
  region	
  

•  A	
  smooth	
  energy	
  dependence	
  is	
  found	
  from	
  0.2	
  to	
  13	
  
TeV	
  p+p	
  (p+pbar)	
  collisions	
  for	
  B-­‐>J/ψ	
  fracJon	
  
measured	
  with	
  J/ψ	
  pT	
  <	
  5	
  GeV/c.	
  



Center	
  of	
  mass	
  energy	
  dependent	
  	
  	
  	
  	
  	
  	
  	
  cross	
  secJon	
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•  The	
  extracted	
  	
  	
  	
  	
  	
  	
  cross	
  secJon	
  results	
  based	
  on	
  the	
  B-­‐>J/ψ	
  
fracJons	
  measured	
  in	
  200	
  and	
  510	
  GeV	
  p+p	
  collisions	
  are	
  in	
  
reasonable	
  agreements	
  with	
  the	
  NLO	
  pQCD	
  predicaJons.	
  	
  

bb
bb
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B-­‐>J/ψ	
  fracJon	
  in	
  Cu+Au	
  and	
  Au+Au	
  collisions	
  
•  The	
  2012	
  200	
  GeV	
  Cu+Au	
  analysis	
  is	
  being	
  finalized.	
  The	
  

2014/2016	
  200	
  GeV	
  Au+Au	
  data	
  producJon	
  is	
  ongoing.	
  
•  The	
  nuclear	
  modificaJon	
  factor	
  RAA	
  can	
  be	
  derived	
  from	
  

the	
  B-­‐>J/ψ	
  fracJon	
  and	
  the	
  inclusive	
  J/ψ	
  RAA	
  according	
  to	
  
this	
  formula:	
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•  The	
  B	
  hadron	
  RAA	
  
through	
  the	
  B-­‐>J/ψ	
  
measurements	
  will	
  
improve	
  the	
  knowledge	
  
of	
  bo\om	
  quark	
  energy	
  
loss	
  in	
  QGP.	
  	
  

RCuAu/AuAu
B→J /ψ =

FB→J /ψ
CuAu/AuAu

FB→J /ψ
pp RCuAu/AuAu

inc.J /ψ



B-­‐>J/ψ	
  fracJon	
  in	
  Cu+Au	
  and	
  Au+Au	
  collisions	
  
•  The	
  2012	
  200	
  GeV	
  Cu+Au	
  analysis	
  is	
  being	
  finalized.	
  The	
  

2014/2016	
  200	
  GeV	
  Au+Au	
  data	
  producJon	
  is	
  ongoing.	
  
•  The	
  nuclear	
  modificaJon	
  factor	
  RAA	
  can	
  be	
  derived	
  from	
  

the	
  B-­‐>J/ψ	
  fracJon	
  and	
  the	
  inclusive	
  J/ψ	
  RAA	
  according	
  to	
  
this	
  formula:	
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RCuAu/AuAu
B→J /ψ =

FB→J /ψ
CuAu/AuAu

FB→J /ψ
pp RCuAu/AuAu

inc.J /ψ

1.2<|y|<2.2	
  

with	
  stat.	
  uncertainty	
  only	
  
not	
  include	
  the	
  p+p	
  uncertainty	
  

•  The	
  B	
  hadron	
  RAA	
  
through	
  the	
  B-­‐>J/ψ	
  
measurements	
  will	
  
improve	
  the	
  knowledge	
  
of	
  bo\om	
  quark	
  energy	
  
loss	
  in	
  QGP.	
  	
  



Charm	
  and	
  Bo\om	
  decayed	
  inclusive	
  single	
  muons	
  
•  High	
  staJsJcs	
  measurement	
  with	
  similar	
  method	
  

developed	
  in	
  the	
  B	
  to	
  J/ψ	
  analysis.	
  
•  Extend	
  to	
  high	
  pT	
  region	
  to	
  determine	
  the	
  pT	
  dependence	
  

for	
  charm	
  and	
  bo\om	
  producJon.	
  
•  Analysis	
  is	
  underway.	
  
•  The	
  challenge	
  is	
  to	
  minimize	
  systemaJcs.	
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3<pT	
  [GeV/c]<3.5	
  

Non-­‐heavy	
  flavor	
  BG	
  
Muons	
  from	
  D	
  
Muons	
  from	
  B	
  

SimulaLon	
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  Li	
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•  First	
  measurement	
  of	
  J/ψ	
  from	
  B	
  decays	
  in	
  forward/
backward	
  rapidity	
  with	
  integrated	
  pT	
  are	
  achieved	
  in	
  
both	
  510	
  GeV	
  (arXiv:1701.01342)	
  and	
  200	
  GeV	
  p+p	
  
collisions.	
  	
  
– A	
  smooth	
  center	
  of	
  mass	
  energy	
  dependence	
  is	
  found	
  
for	
  integrated	
  pT	
  	
  J/ψ	
  from	
  B-­‐meson	
  decay	
  in	
  p+p	
  (p
+pbar)	
  collisions	
  from	
  0.2	
  to	
  13	
  TeV.	
  

–  IndicaJon	
  of	
  a	
  smooth	
  transiJon	
  from	
  LO	
  process	
  to	
  NLO	
  
process	
  for	
  bo\om	
  producJon	
  is	
  found	
  through	
  the	
  B	
  to	
  
J/ψ	
  measurements.	
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Summary	
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Outlook	
  

•  The	
  200	
  GeV	
  Cu+Au	
  B	
  to	
  J/ψ	
  paper	
  preparaJon	
  is	
  
ongoing,	
  the	
  final	
  result	
  is	
  expected	
  to	
  be	
  released	
  
soon.	
  	
  

•  Large	
  data	
  sets	
  in	
  various	
  types	
  of	
  collision	
  systems	
  
collected	
  at	
  PHENIX	
  provide	
  opportuniJes	
  to	
  study	
  
–  Forward/backward	
  B	
  to	
  J/ψ	
  via	
  di-­‐muon	
  channel	
  in	
  
2015	
  p+Au,	
  2014/2016	
  Au+Au	
  collisions	
  to	
  understand	
  
CNM	
  and	
  QGP	
  effect.	
  

–  Study	
  the	
  D/B	
  separated	
  single	
  muons	
  in	
  2012/2015	
  	
  	
  	
  	
  	
  	
  
p+p,	
  2015	
  p+Au	
  and	
  2014/2016	
  Au+Au	
  collisions	
  with	
  
higher	
  staJsJcs	
  will	
  help	
  understand	
  the	
  charm	
  and	
  
bo\om	
  producJon	
  and	
  the	
  mass	
  dependent	
  energy	
  
loss	
  in	
  QGP.	
  



Backup	
  

WWND2017	
   Xuan	
  Li	
  (LANL)	
   29	
  



Advantages	
  to	
  use	
  heavy	
  quarks	
  to	
  scan	
  the	
  QGP	
  
–  Short	
  wavelength	
  which	
  can	
  probe	
  the	
  small	
  scale	
  volume	
  
(<5fm).	
  Uncertainty	
  principle:	
  mc	
  ≈1.3	
  GeV	
  and	
  mb	
  ≈4.6	
  GeV.	
  

–  Formed	
  before	
  the	
  QGP	
  creaJon	
  (<1fm/c	
  a|er	
  the	
  Big-­‐Bang)	
  
to	
  study	
  the	
  full	
  evoluJon.	
  

–  Probes	
  that	
  can	
  cross	
  the	
  plasma	
  and	
  don’t	
  vanish.	
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Energy	
  loss	
  in	
  the	
  QGP	
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•  Energy	
  loss	
  Mechanism:	
  
•  (I)	
  Heavy	
  quarks	
  lose	
  energy	
  when	
  crossing	
  the	
  medium	
  

(indicated	
  by	
  the	
  RAA	
  suppression).	
  

Dead	
  cone	
  effect:	
  gluon	
  
radiaJon	
  from	
  massive	
  
quarks	
  suppressed	
  at	
  angle	
  
θ	
  <	
  Mq/Eq.	
  

•  Due	
  to	
  the	
  dead	
  cone	
  effect,	
  the	
  
energy	
  loss	
  in	
  the	
  medium	
  is	
  mass	
  
dependent:	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ΔEg	
  >	
  ΔEu,d,s	
  >	
  ΔEc	
  >	
  ΔEb	
  



Energy	
  loss	
  in	
  the	
  QGP	
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•  (II)	
  Shorter	
  formaJon	
  and	
  
dissociaJon	
  Jme	
  of	
  b(c)	
  quark	
  
to	
  B(D)	
  from	
  light	
  quark	
  
hadrons.	
  

	
  	
  	
  	
  	
  	
  	
  	
  ΔEg	
  >	
  ΔEu,d,s	
  >	
  ΔEc	
  >	
  ΔEb	
  

•  Energy	
  loss	
  Mechanism:	
  
-mesons, -mesonsD B

Time	
  evoluLon	
  

c
u

A.Adil,	
  I.Vitev,	
  Phys.	
  Le\.	
  B649	
  	
  (2007)	
  	
  

c
u

	
  
	
  
	
  
	
  
	
  
	
  

•  Mass	
  effect	
  is	
  negligible	
  at	
  high	
  pT	
  but	
  not	
  in	
  low	
  pT	
  region.	
  	
  
•  Low	
  pT	
  heavy	
  flavor	
  producJon	
  is	
  dominated	
  by	
  charm,	
  

need	
  to	
  separate	
  charm	
  and	
  bo\om	
  and	
  study	
  the	
  mass/
flavor	
  dependence.	
  



The	
  Forward	
  Vertex	
  Detector	
  (FVTX)	
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Sensor HDIHDI

FPHX Chips (13 per column)

Mini-strips are oriented to 
approximate an arc

! Sensor
"  2 columns of strips
"  1664 strips per column
"  strip length 2.8 to 11.2 mm
"  75 micron spacing
"  48 wedges per disk (7.5˚/

sensor, 15˚/wedge)
"  0.5 mm overlap with adjacent 

wedges

! FPHX Chip
"  1 column readout
"  128 channels 
"  ~ 70 microns channel spacing
"  Dimensions –9mm x 1.2 mm 



Invariant	
  mass	
  of	
  di-­‐muons	
  
•  In	
  2012	
  510	
  GeV	
  p+p	
  (top)	
  and	
  Cu+Au	
  (bo\om)	
  data.	
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Comparison	
  of	
  DCA(r)	
  between	
  data	
  and	
  simulaJon	
  (p+p)	
  
•  DCA(r)	
  of	
  J/ψ	
  decayed	
  muons	
  with	
  integrated	
  p	
  and	
  p	
  dependence.	
  
•  Fit	
  the	
  DCA(r)	
  core	
  region	
  to	
  extract	
  the	
  DCA(r)	
  resoluJon.	
  

35	
  

•  Good	
  agreement	
  between	
  data	
  and	
  simulaJon	
  for	
  DCA(r)	
  
resoluJon.	
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Comparison	
  of	
  DCA(r)	
  between	
  data	
  and	
  simulaJon	
  (Cu+Au)	
  
•  DCA(r)	
  of	
  stopped	
  hadrons	
  with	
  integrated	
  p	
  and	
  p	
  dependence.	
  
•  Fit	
  the	
  DCA(r)	
  core	
  region	
  to	
  extract	
  the	
  DCA(r)	
  resoluJon.	
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•  Good	
  agreement	
  between	
  data	
  and	
  simulaJon	
  for	
  DCA(r)	
  
resoluJon.	
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Test	
  the	
  fit	
  package	
  in	
  Toy	
  MC	
  
•  Generate	
  pseudo-­‐data	
  according	
  to	
  the	
  shape	
  of	
  foreground	
  

and	
  background.	
  Use	
  the	
  same	
  fit	
  packages	
  applied	
  in	
  data.	
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ffit	
  VS	
  fgen	
  

ffit	
  

ffit	
  

•  Good	
  linearity	
  between	
  generated	
  and	
  B	
  to	
  J/ψ	
  raJo.	
  
•  Final	
  results	
  from	
  data	
  are	
  under	
  collaboraJon	
  review.	
  	
  

	
  

Prompt	
  J/ψ	
  
B	
  to	
  J/ψ	
  	
  



FVTX-­‐MuTr	
  mis-­‐matching	
  background	
  determinaJon	
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•  For	
  one	
  MuTr	
  track,	
  there	
  is	
  a	
  probability	
  of	
  finding	
  more	
  than	
  
one	
  FVTX	
  track	
  within	
  the	
  matching	
  window.	
  
In	
  510	
  GeV	
  p+p	
  collisions	
  

In	
  510	
  GeV	
  
p+p	
  collisions	
  

In	
  200	
  GeV	
  Cu+Au	
  collisions	
  

•  In	
  p+p	
  collsions,	
  the	
  probability	
  to	
  have	
  more	
  than	
  one	
  FVTX	
  
track	
  matched	
  with	
  the	
  MuTr	
  track	
  is	
  around	
  or	
  less	
  than	
  5%.	
  

•  In	
  heavy	
  ion	
  collisions	
  such	
  as	
  Cu+Au	
  collisions,	
  the	
  
probability	
  is	
  much	
  higher.	
  



HF	
  conJnuum	
  background	
  determinaJon	
  (510	
  GeV	
  p+p)	
  

39	
  

•  Total	
  background	
  consists	
  of	
  HF	
  conJnuum	
  background	
  and	
  
mixed	
  event	
  background.	
  

•  HF	
  conJnuum	
  background	
  is	
  comparable	
  with	
  the	
  mixed	
  
event	
  background	
  within	
  the	
  mass	
  cut	
  window.	
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•  Fit	
  the	
  di-­‐muon	
  mass	
  to	
  extract	
  the	
  HF	
  conJnuum	
  
background.	
  



Analysis	
  strategy	
  for	
  the	
  B	
  to	
  J/ψ	
  raJo	
  
measurement	
  (III)	
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•  Fit	
  on	
  DCAR	
  in	
  data	
  to	
  simultaneously	
  determine	
  the	
  prompt	
  J/ψ	
  
and	
  J/ψ	
  from	
  B-­‐meson	
  decay	
  yields	
  and	
  extract	
  the	
  B	
  to	
  J/ψ	
  
fracJon.	
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Extracted	
  total	
  	
  	
  	
  	
  	
  	
  cross	
  secJon	
  as	
  a	
  funcJon	
  of	
  
center	
  of	
  mass	
  energy	
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bb

•  Use	
  the	
  PPG104	
  dσ/dy	
  to	
  evaluated	
  inclusive	
  J/ψ	
  
cross	
  secJon	
  within	
  1.2<|y|<2.2	
  at	
  200	
  GeV.	
  

•  Scale	
  from	
  200	
  GeV	
  to	
  500	
  GeV	
  according	
  to	
  CEM	
  
total	
  inclusive	
  J/ψ	
  cross	
  secJon	
  calculaJon.	
  

•  Divide	
  this	
  value	
  by	
  the	
  PDG	
  b-­‐>J/ψ	
  branching	
  raJo	
  
1.09±0.32%.	
  

•  Scale	
  the	
  cross	
  secJon	
  within	
  1.2<|y|<2.2	
  to	
  the	
  full	
  
rapidity	
  range	
  and	
  scaling	
  factor	
  is	
  calculated	
  based	
  
FONLL	
  calculaJons.	
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But,	
  something	
  beyond	
  current	
  theory	
  
•  CMS	
  7	
  TeV	
  prompt	
  J/ψ	
  cross	
  secJon.	
  

For	
  pT<5GeV/c,	
  data	
  are	
  
much	
  higher	
  than	
  NLO	
  
predicJons	
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But,	
  something	
  beyond	
  current	
  theory	
  
•  CMS	
  7	
  TeV	
  Non	
  prompt	
  J/ψ	
  (from	
  B	
  decay)	
  cross	
  
secJon.	
  

For	
  pT<5GeV/c,	
  data	
  are	
  
on	
  the	
  top	
  edge	
  of	
  theory	
  
predicJons	
  

Expect	
  to	
  see	
  lower	
  
B	
  to	
  J/ψ	
  fracJon	
  at	
  	
  
LHC	
  than	
  theory	
  
predicJons.	
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